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ANTENNA MANUFACTURE 

This invention relates to a method of producing an antenna, and primarily to a method 
of tuning a quadrifilar antenna for circularly polarised radiation at frequencies above 
200 MHz. The invention also includes an antenna produced according to the method. 

The backfire quadrifilar antenna is well-known and has particular application in the 
transmission and reception of circularly polarised signals to or from orbiting satellites. 
British Patent Application No. 229263 8 A discloses a miniature quadrifilar antenna 
having four half-wavelength helical antenna elements in the form of narrow conductive 
strips plated on the surface of a cylindrical ceramic core. Connecting radial elements 
on a distal end face of the core connect the helical elements to a coaxial feeder passing 
axially through the core in a narrow passage. The helical elements are arranged in 
pairs, the elements of one pair having a greater electrical length than those of the other 
pair by virtue of their following a meandering course, all four elements being connected 
to the rim of a conductive balun sleeve which rim describes a circle lying in a plane 
perpendicular to the antenna axis. British Patent Application No. 23 10543 A discloses 
an ahemative antenna in which the balun sleeve has a non-planar rim, the helical 
elements being simple helices which terminate in peaks and troughs respectively of the 
rim in order to yield elements of the required different lengths. 

The fact that the pairs of elements have different electrical lengths results in a phase 
difference between the currents in the respective pairs at the operating frequency of the 
antenna, and it is this phase difference which makes the antenna sensitive to circularly 
polarised radiation with a cardioid radiation pattern such that the antenna is suited to 
receiving circularly polarised signals firom sources which are directly above the antenna, 
i.e. on the antenna axis, or at locations a few degrees above a plane perpendicular to the 
axis and passing through the antenna, or from sources located anywhere in the solid 
angle between these extremes. The radiation pattern is also characterised by an axial 
null in the direction opposite to the direction of maximum gain. 
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The bandwidth of the above described quadrifilar resonance is relatively narrow and, 
particularly in the case of miniature quadrifilar antennas having a core of a high 
dielectric constant, presents a manufacturing difficulty in achieving sufficiently close 
dimensional tolerances to be able repeatedly to produce antennas having the required 
5 cardioid response and resonant firequency. 

According to a first aspect of this invention, there is provided a method of producing a 
quadrifilar antenna for circularly polarised radiation at frequencies above 200 MHz, the 
antenna comprising a plurality of substantially helical conductive radiating tracks 

10 located in a dielectric substrate, wherein the method comprises monitoring at least one 
electric parameter of the antenna and removing conductive material from at least one of 
the tracks to bring the monitored parameter nearer to a predetermined value, thereby 
increase the inductance of the track and to improve the circularly polarised radiation 
pattern of the antenna. In this way, it is possible to trim antennas in large scale 

15 production without resort to individual testing in, for instance, an elecfa-omagnetically 
anechoic chamber and without excessive manual intervention. 

The preferred method involves removing the conductive material firom the tracks by 
laser etching an apertiire in one or more of tiie tiracks, leaving the opposing edges of the 

20 affected tracks intact on either side of each aperture. The method is particularly 
applicable to an antenna in which the substrate is a substantially cylindrical body of 
ceramic material having a relative dielectric constant greater than 10, the tracks 
including portions on a cylindrical surface of the substrate and, in addition, on a flat end 
surface of the substrate substantially perpendicular to the cylinder axis. In this case, the 

25 conductive material is removed firom track portions located on the flat end surface 
which, in the preferred antenna, is close to the feed point for the anterma elements and 
is a location of a voltage minimum at the quadrifilar resonance. In alternative 
embodiments, the aperture or apertures may be cut in positions of other voltage minima, 
for example, where the helical elements join a common linking conductor such as a 

30 balim sleeve encircling the core. 
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The monitoring step typically comprising coupling the antenna to a radio frequency 
source which is arranged to sweep a band of frequencies containing the operating 
frequency, and monitoring the relative phases and amplitudes of signals picked up by 
probes brought into juxtaposition with the tracks at predetermined locations such as the 
5 end portions of the tracks remote from the feed point. Preferably, the probes are 
capacitively coupled to the respective tracks to avoid the need for individual ground 
connections to the antenna. 

The apertures formed in the tracks are preferably rectangular, each having a 
10 predetermined width transverse to the direction of the track, the width being computed 
automatically in response to the result of the monitoring step. This is a non-linear 
adjustment process, in that the inductance of the track added by the aperture is 
non-linearly related to the aperture area, and specifically to the width of the rectangular 
aperture. Computation of the aperture size is performed so as to bring the phase 
1 5 difference of the currents and/or voltages in the tracks of respective track pairs nearer to 
90° and to adjust the frequency at which this orthorgonality occurs so as to be nearer the 
intended operating frequency. 

The invention also includes, according to a second aspect, a quadrifilar antenna for 
20 circularly polarised radiation at frequencies above 200 MHz, comprising a plurality of 
substantially helical conductive tracks located on a dielectric substrate, wherein at least 
one of the tracks has a cut-out of predetermined size for increasing the inductance of the 
track. The preferred antenna has a substrate comprising an antenna core formed of a 
solid dielectric material, the tracks being arranged to as to define an interior volume the 
25 major part of which is occupied by the solid material of the core, wherein the substrate 
has curved outer surface portions and flat surface portions supporting the conductive 
tracks, and with each cut-out being formed where the respective track lies over the one 
of the flat surface portions. 

30 The invention will now be described by way of example with reference to the drawings 
in which:- 
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Figure 1 is a see-through perspective view of a dielectrically-loaded quadrifilar antenna; 

Figures 2A and 2B are top plan views of the antenna of Figure 1 before and after 
adjustment in accordance with the invention; 

5 

Figure 3 is a diagram illustrating the conductor pattern on the cylindrical surface of the 
antenna of Figure 1; 

Figure 4 is a graph showing the variation of phase and amplitude with frequency of 
1 0 signals measured at different points on the antenna; 

Figure 5 is a diagram showing a test arrangement for use in a production method in 
accordance with the invention; and 

1 5 Figure 6 is a cross-section through one of the probes visible in Figure 5. 

The quadrifilar antenna described below is similar to that described in the 
above-mentioned British Patent Application No. GB2310543A, the disclosure of which 
is incorporated in this specification by reference. The disclosure of the 
20 above-mentioned related Application No. GB2292638A is also incorporated in this 
specification by reference. 

Referring to Figure 1, 2 A, 2B and 3, an antenna to which the present invention is 
applicable has an antenna element structure with four longitudinally extending antenna 

25 elements lOA, lOB, IOC, and lOD formed as narrow metallic conductor track portions 
on the cylindrical outer surface of a ceramic core 12. The core has an axial passage 14 
housing a coaxial feeder with an outer screen 16 and an inner conductor 18. The inner 
conductor 18 and the screen 16 form a feeder structure for connecting a feed line to the 
antenna elements lOA - lOD. The antenna element structure also includes 

30 corresponding radial antenna elements lOAR, lOBR, lOCR, lODR formed as metallic 
track portions on a distal end face 12D of the core 12, connecting ends of the respective 
longitudinally extending elements lOA - lOD to the feeder structure. The other ends of 
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the antenna elements lOA - lOD are connected to a common virtual ground conductor 
20 in the form of a plated sleeve surrounding a proximal end portion of the core 12. 
This sleeve 20 is in turn connected to the screen 16 of the feeder structure 14 by plating 
on the proximal end face 12P of the core 12. 

5 

The four longitudinally extending elements lOA - lOD are of different lengths, two of 
the elements lOB, lOD being longer than the other two lOA, IOC by virtue of extending 
nearer the proximal end of the core 12. The elements of each pair lOA, IOC; lOB, lOD 
are diametrically opposite each other on opposite sides of the core axis. 

10 

In order to maintain approximately uniform radiation resistance for the helical elements 
lOA - lOD, each element follows a simple helical path. The upper linking edge 20U of 
the sleeve 20 is of varying height (i.e. varying distance from the proximal end face 12P) 
to provide points of connection for the long and short elements respectively. Thus, in 
15 this embodiment, the linking edge 20U follows a shallow zig-zag path around the core 
12, having two peaks and two troughs where it meets the short elements lOA, IOC and 
long elements lOB, lOD respectively, the amplitude of the zig-zag being shown in 
Figure 3 as a. 

20 Each pair of helical and corresponding connecting radial element portions (for example 
lOA, lOAR) constitutes a conductor having a predetermined electrical length. Each of 
the element pairs lOA, lOAR; IOC, lOCR having the shorter length produces a shorter 
transmission approximately 135° at the operating wavelength than each of the element 
pairs lOB, lOBR; lOD, lODR. The average transmission delay being 180°, equivalent 

25 to an electrical length of Xy2 at the operating wavelength. The differing lengths produce 
the required phase shift conditions for a quadrifilar helix antenna for circularly 
polarised signals specified in Kilgus, "Resonant Quadrifilar Helix Design", The 
Microwave Journal, Dec. 1970, pages 49-54. Two of the element pairs IOC, lOCR; 
lOD, lODR (i.e. one long element pair and one short element pair) are connected at the 

30 inner ends of the radial elements lOCR, lODR to the inner conductor 18 of the feeder 
structure at the distal end of the core 12, while the radial elements of the other two 
element pairs lOA, lOAR; lOB, lOBR are connected to the feeder screen formed by 
outer screen 16. At the distal end of the feeder structure, the signals present on the 
inner conductor 18 and the feeder screen 16 are approximately balanced so that the 

35 antenna elements are connected to an approximately balanced source or load, as will be 
explained below. It will be appreciated that, in the general case, the tracks formed by 
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the track portions lOA - lOD and lOAR - 10 DR may have an average electrical length 
of nX/2 where n is an integer and each may execute nil turns about the antenna axis 24. 

With the left handed sense of the helical paths of the longitudinally extending elements 
5 1 OA - 1 OD, the antenna has its highest gain for right hand circularly polarised signals. 

If the antenna is to be used instead for left hand circularly polarised signals, the 
direction of the helices is reversed and the pattern of connection of the radial elements 
is rotated through about 90°. In the case of an antenna suitable for receiving both left 
10 hand and right hand circularly polarised signals, the longitudinally extending elements 
can be arranged to follow paths which are generally parallel to the axis. 

The conductive sleeve 20 covers a proximal portion of the antenna core 12, thereby 
surrounding the feeder structure 16, 18, with the material of the core 12 filling the 

1 5 whole of the space between the sleeve 20 and the metallic lining 1 6 of the axial passage 
14. The sleeve 20 forms a cylinder connected to the lining 16 by the plating 22 of the 
proximal end face 12P of the core 12. The combination of the sleeve 20 and plating 22 
forms a balun so that signals in the transmission line formed by the feeder structure 16, 
1 8 are converted between an unbalanced state at the proximal end of the antenna and an 

20 approximately balanced state at an axial position generally at the same distance from 
the proximal end as the upper linking edge 20U of the sleeve 20. To achieve this effect, 
the average sleeve length is such that, in the presence of an underlying core material of 
relatively high relative dielectric constant, the balun has an average electrical length in 
the region of XIA at the operating frequency of the antenna. Since the core material of 

25 the antenna has a foreshortening effect, and the annular space surrounding the inner 
conductor 18 is filled with an insulating dielectric material 17 having a relatively small 
dielectric constant, the feeder structure distally of the sleeve 20 has a short electrical 
length. Consequently, signals at the distal end of the feeder structure 16, 18 are at least 
approximately balanced. 

30 

The trap formed by the sleeve 20 provides an aimular path along the linking edge 20U 
for currents between the elements lOA - lOD, effectively forming two loops of different 
electrical lengths, the first with short elements lOA, IOC and the second with the long 
elements lOB, lOD. At quadrifilar resonance current maxima and voltage minima exist 
35 at the ends of the elements lOA - lOD and in the linking edge 20U. The edge 20U is 
effectively isolated from the ground connector at its proximal edge due to the 
approximate quarter wavelength trap produced by the sleeve 20. 
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The antenna has a main quadrifilar resonant frequency for circularly polarised radiation 
in the region of 1575 MHz, the resonant frequency being determined by the effective 
electrical lengths of the antenna elements and, to a lesser degree, by their width. The 
5 lengths of the elements, for a given frequency of resonance, are also dependent on the 
relative dielectric constant of the core material, the dimensions of the antenna being 
substantially reduced with respect to an air-cored similarly constructed antenna. 

The preferred material for the core 12 is zirconium-titanate-based material. This 
10 material has a relative dielectric constant in excess of 35 and is noted also for its 
dimensional and electrical stability v^th varying temperature. Dielectric loss is 
negligible. The core may be produced by extrusion or pressing. 

The antenna elements lOA - lOD, lOAR - lODR are metallic conductor tracks bonded 
15 to the outer cylindrical and end surfaces of the core 12, each track being of a width at 
least four times its thickness over its operative length. The tracks may be formed by 
initially plating the surfaces of the core 12 with a metallic layer and then selectively 
etching away the layer to expose the core according to a pattern applied in a 
photographic layer similar to that used for etching printed circuit boards. In all cases, 
20 the formation of the tracks as an integral layer on the outside of a dimensionally stable 
core leads to an antenna having dimensionally stable antenna elements. The 
circumferential spacing between the helical track portions is greater than (preferably 
more than twice) their width. 

25 To achieve a radiation pattern having, a good front-to-back ratio together with 
acceptable gain and to achieve this radiation pattern at the required operating frequency, 
the antenna as described above and shown in Figure 1 is subjected to a trimming 
process in which conductive material is removed from the conductive tracks to form 
apertures, as shown in Figure 2B. The apertures 26A, 26B, 26C, and 26D are formed in 

30 the connecting track portions lOAR, lOBR, lOCR, and lODR respectively where, at the 
operating frequency, voltage minima exist. Since these track portions lie in a plane, it 
is comparatively straightforward to focus a laser-beam on the tracks in the required 
position on order to etch the conductive material of the tracks using a YAG laser. Each 
aperture increases the inherent inductance of its respective track lOA, lOAR, etc. to a 

35 degree dependent on the area of the aperture. The applicants have found that the added 
inductance increases non-linearly at an increasing rate as the width of the aperture is 
increased (i.e. the width of the aperture across the track). The variation of the added 
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inductance with the length of the aperture (i.e. longitudinally of the track) is an 
approximately linear relationship. These relationships allow both coarse and fine 
adjustments of the inductance to be made, if necessary. 

5 A better understanding of the way in which the antenna operates and the affect of the 
apertures will be obtained by referring to the graph of Figure 4. Figure 4 was obtained 
by monitoring the radio frequency currents in the helical track portions lOA, lOB, IOC, 
and lOD adjacent the rim 20U of the sleeve 20 (i.e. the currents in the proximal end 
portions of the helical track position lOA - lOD whilst the antenna was fed through its 

10 feeder structure 16, 18 with a swept frequency signal over a band encompassing the 
required operating fi-equency. There are four traces representing current phase and four 
representing current amplitude, each phase and amplitude trace being associated with 
one of the track portions lOA - lOD. The phase traces are indicated by the reference 
numerals 30A, 30B, 30C, and 30D and the amplitude traces are indicated by the 

15 reference numerals 32A, 32B, 32C, and 32D. For completeness, a ninth trace 34 
indicates the insertion loss looking into the feeder structure at the source end. 

The diagram of Figure 4 shows a main resonance having two coupled peaks. It will be 
seen that the amplitude traces 32 A, 32C, which correspond to the shorter tracks lOA, 

20 IOC, have peaks on the high frequency side of the central resonant frequency, whilst the 
amplitude traces 32B, 32D have peaks on the low frequency side. It will be understood 
that the intersections of these four amplitude traces can be used to define a centre 
frequency, which is indicated in Figure 4 by the dotted line 36. Now referring to the 
four current phase traces 3 OA - 30D it will be seen that those corresponding to the 

25 tracks connected to the feeder outer screen, 30A, 30B, diverge in the region of the 
resonance. Similarly, there is a divergence between the traces 30C, 30D corresponding 
to the current phases in the tracks connected to the inner conductor 18 of the feeder. 
The main condition for obtaining a good front-to-back ratio in the radiation pattern for 
circular polarisation is that the phase difference between the respective signals in the 

30 long and short tracks should be 90** or an odd integer multiple of 90** QJ4). Therefore, 
referring to Figure 4, at the centre frequency indicated by dotted line 36, the phase 
values indicated by phase traces 30A, 30B should differ by as nearly as possible 90** 
and, similarly, the phase values indicated by traces 30C and 30D should also differ by 
90°. 

35 

Naturally, the centre frequency indicated by dotted line 36 should correspond to the 
required operating frequency of the antenna as well. 
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It is possible by adjusting the inductance of one or more of the tracks lOA, lOAR, etc. 
to align or trim the antenna to achieve the phase orthogonality and centre frequency 
referred to above. For instance, the divergence of the phases at the centre frequency can 
5 be reduced by increasing the inductance of the shorter tracks lOA, lOAR and IOC, 
lOCR. The centre frequency can be reduced by increasing the inductance of all four 
tracks. It follows that to make full use of the adjustment facility provided by cutting 
apertures, the antenna should, initially, be manufactured so as to have tracks which are 
electrically shorter than the optimum lengths at the required operating frequency. 

10 

These concepts may be used, in accordance with the invention, as the basis for an 
automated antenna trimming process to reduce or eliminate the deviation in the antenna 
electrical parameters (such as signal phase and amplitude in the radiating element) from 
the required optimum values. In this way, it is possible to manufacture antennas 
15 relatively cheaply using an initial low tolerance manufacturing process without resort to 
expensive and labour-intensive manufacturing and trimming methods. 

A test arrangement for performing the phase and amplitude measurements will now be 
described with reference to Figures 5 and 6. To monitor phase and amplitude in the 

20 region of the required operating frequency, the antenna 40 is moved into a testing 
location at the centre of a star-configuration probe array formed by probes 42A, 42,B, 
42C, and 42D slidably mounted on radial tracks 44A, 44B, 44C, and 44D. In the test 
location, the antenna 40 is situated at a required height and rotational orientation (made 
possible by a notch (not shown) cut in one of the edges of the antenna end faces), so 

25 that the probes 42A to 42D are in registry with the proximal end portion of the tracks 
lOA, lOAR, to lOD, lODR, i.e. adjacent the rim 20U of the balun sleeve 20 (see Figure 
1). The feed structure of the antenna 40 is proximally connected to the output 48 of a 
swept firequency r.f. source in a test unit. 

30 Referring to Figure 6, each probe 42 is a capacitive probe having a centre conductor 50 
coupled to the inner conductor of a coaxial cable 52, the screen of which is grounded to 
the test assembly. The centre conductor 50 projects from the cable 52 but is surrounded 
by a plastics dielectric tip 53 which extends by a predetermined distance (typically less 
than 0.5nmis) beyond the end of the centre conductor so that each probe 42A to 42D 

35 may be brought into contact with the outer surface of the antenna 40 with the tip of the 
centre conductor 50 spaced at a predetermined spacing from the respective helical track 
portion lOA to lOD. Each centre conductor 50 is, therefore, capacitively coupled to the 
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associated track, and transmits signals representative of the current in the track to its 
associated cable 52 and thence to a respective measuring input 54A, 54B, 54C, and 54D 
of a test unit (see Figure 5). 

5 It will be noted that in Figure 5 two of the probes 42A, 42B are shown in their operative 
positions in contact with the antenna 40, while the other two probes 42C, 42D are 
shown withdrawn in the positions they adopt when one antenna is exchanged for 
another. Each probes 42A to 42D is piston-mounted for automated travelling between 
the retracted and operative positions. 

10 

During the test process, all four probes 42A - 42D are brought into contact with the 
antenna 40, a swept radio frequency signal is applied to the antenna from output 48 of 
the test unit 56, and the probe signals received at inputs 54A to 54D are monitored. A 
centre frequency is computed by detecting the intersections of the amplitude 

1 5 characteristics (as described above with reference to Figure 4) and then the phase values 
of the individual signals at that frequency are read to determine their deviation from 
orthogonality, and a data set is generated from the readings, from which data set the 
required aperture sizes can be computed. A laser (not shown) then etches the apertures 
in the exposed distal end face of the antenna as described above, whereupon another 

20 dataset can be produced to check that the phase orthogonality and centre frequency fall 
within specified limits. 

In effect, the test unit computes a crossover frequency representing the closest 
convergence of the four amplitude traces, marks the corresponding frequency, reads the 
25 four phase values at that frequency to compute the phase differences, and then 
computes the required added conductance for each track in order to shift the crossover 
frequency to the required frequency (in this case the GPS frequency of 1575.5 MHz) 
with the correct phase orthogonality. This is performed by calculating an LC 
(inductance X capacitance) product for each track. 

30 

The reqviired aperture size is then computed and the laser is controlled to etch the 
aperture or apertures. 

The antenna may then be automatically removed from the test location shovm in Figure 
35 5 to be fed to a finishing process. 
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In order that the probes do not materially affect the antenna characteristics during the 
above-described test it is preferred that the relative dielectric constant of the antenna 
core is at least 10, and is preferably 35 or higher. 

5 The capacitive probes pick up signals representative of the very near field and are, 
therefore, able to provide signals corresponding to the currents in the individual tracks. 
This allows deduction of the far field pattern, in accordance with the phase relationships 
described above. 

10 The removal of material is preferably performed by a pulsed YAG laser which allows 
metal ablation substantially without melting so as to provide precise dimensional 
control. 

It is possible to form the apertures in the tracks at alternative positions, such as in the 
15 proximal end portions of the track portions lOA to lOD, providing alternative probe 
locations are chosen. 

It will be understood that while this invention has been described by reference to a 
method of producing a quadrifilar antenna, the method may also be applied to other 
20 dielectrically-loaded wire antennas (i.e. antennas having conductors which are narrow 
compared to the spacing between them). 
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Claims 



1 . A method of producing a quadrifilar antenna for circularly polarised radiation 
at frequencies above 200 MHz, the antenna comprising a plurality of substantially 
5 helical conductive radiating tracks located on a dielectric substrate, wherein the method 
comprises monitoring at least one electrical parameter of the antenna and removing 
conductive material from at least one of the tracks to bring the monitored parameter 
nearer to a predetermined value, thereby to increase the inductance of the track. 

10 2. A method according to claim 1, wherein the conductive material is removed 
from the track by laser etching an aperture in the track, leaving the edges of the track 
intact on either side of the aperture. 

3. A method according to claim 1 or claim 2 for producing an antenna in which 
15 the substrate is substantially cylindrical and the tracks include portions on a cylindrical 
surface of the substrate and a flat surface of the substrate, e.g. an end surface 
substantially perpendicular to the cylinder axis, wherein the conductive material is 
removed from a track portion or portions located on the flat surface. 

20 4. A method according to claim 1 or claim 2 for producing an antenna having a 
plurality of helical track portions located in a substantially cylindrical substrate surface, 
and a plurality of respective cormecting track portions located on a substantially flat 
end surface of the substrate to connect the helical track portions to an axial feeder, 
wherein the material removal step comprises forming a cut-out in at least one of the 

25 connecting track portions. 

5. A method according to any preceding claim, wherein the monitoring step 
comprises coupling the antenna to a radio frequency source, bringing probes into 
juxtaposition v^th the tracks at predetermined locations, and measuring at least the 
30 relative phases of signals picked up by the probes associated with different respective 
tracks when the radio frequency source is operated. 

I 

1 
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6. A method according to claim 5, wherein the probes are capacitively coupled to 
the respective tracks. 

7. A method according to claim 5 or claim 6, wherein the probes are located in 
registry with track portions corresponding to the positions of voltage minima when the 
radio frequency source is tuned to the intended operating frequency of the antenna. 

8. A method according to any of claims 5 to 7, wherein the probes are located in 
registry with end portions of the helical tracks. 

9. A method according to any of claims 5 to 8 for producing an antenna in which 
each track has a first end portion adjacent a feed location and a second, opposite end 
portion spaced from the said feed location, wherein the material removal step 
comprises forming cut-outs in the first end portions and the monitoring step includes 
positioning the probes in juxtaposition with the second end portions. 

10. A method according to any preceding claim, wherein material is removed from 
the tracks by forming a rectangular aperture in the or each affected track, the aperture 
having a predetermined width transverse to the direction of the track which is 
computed automatically in response to the result of the monitoring step. 

11. A method according to claim 10, wherein with the width and length of the 
aperture are variable in response to the said monitoring result. 

12. A method according to any preceding claim, wherein the monitoring step 
includes feeding the antenna with a swept frequency signal over a frequency range 
including the intended operating frequency of the antenna, monitoring the relative 
phases and amplitudes of signals in the radiating tracks, and removing conductive 
material from at least two of the tracks to bring the firequency at which substantial 
phase orthogonality occurs closer to the intended operating frequency. 
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13. A method according to any of claims 1 to 11, wherein the monitoring step 
includes feeding the antenna with a swept frequency signal over a frequency range 
including the intended operating frequency of the antenna, monitoring the relative 
phases and amplitudes of signals in the radiating tracks to bring the difference between 

5 the monitored phases at a central resonant frequency nearer to 90°. 

14. A quadrifilar antenna for circularly polarised radiation at frequencies above 
200 MHz, comprising a plurality of substantially helical conductive tracks located on a 
dielectric substrate, wherein at least one of the tracks has a cut-out of predetermined 

10 size for increasing the inductance of the track. 

15. An antenna according to claim 14, wherein the cut-out comprises an aperture 
located between the opposing edges of the track. 

15 16. An antenna according to claim 14 or claim 15, wherein the substrate comprises 
an antenna core formed of a solid dielectric material having a relative dielectric 
constant greater than 10, the tracks being arranged so as to define an interior volume 
the major part of which is occupied by the solid material of the core, wherein the 
substrate has curved outer surface portions and flat surface portions supporting the said 

20 tracks, and wherein the or each said cut-out is formed where the respective track lies 
over a flat surface portion. 

17. An antenna according to claim 14, comprising: a substantially cylindrical core 
formed of a dielectric material with a dielectric constant greater than 10, the core 

25 defining an axis of the antenna and having a substantially cylindrical outer surface and 
a pair of end faces, wherein the tracks comprise axially co-extensive outer portions on 
the substantially cylindrical surface and connecting portions on one of the end faces to 
connect the outer portions to an axial feed point on that end face, wherein the antenna 
further comprises an axial feed structure passing through the core from the said one end 

30 face to the other end face, and a conductive balim sleeve encircling the core and 
extending from the feeder structure on the said other end face to a rim which is at an 
axial position between the end faces and is connected- to the outer track portions, and 
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wherein the or each cut-out is in the connecting portion of the respective track or in the 
outer portion of the respective track at a location adjacent its connection to the sleeve 
rim. 

18. An antenna according to claim 17, wherein the outer track portions comprise 
two pairs of helices, the helices of one pair having a different electrical length from the 
helices of the other pair, and wherein each of the tracks of at least one of the pairs has a 
cut-out. 

19. An antenna according to claim 18, wherein each cut-out is an aperture of 
predetermined size in the connecting portion of the respective track. 

20. A method of producing a quadrifilar antenna, the method being substantially as 
herein described with reference to the drawings. 

21. A quadrifilar antenna constructed and arranged substantially as herein 
described and shown in Figure 2B of the drawings. 
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